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Abstract: Ultraviolet radiation (UVR) has been scientifically proven to cause skin disorders such as
sunburn, skin cancer and the symptoms of chronic exposure. Natural sun screening compounds have
recently gained tremendous attention from the cosmetic and cosmeceutical sectors for treating skin
disorders such as hyperpigmentation and aging. A wide range of natural UV-absorbing compounds
have been used to replace or reduce the number of synthetic sunscreen molecules. One of the
primary causes of photoaging is DNA damage, mainly caused by UVR. Photoprotection provided
by traditional sunscreens is purely preventative and has no efficacy after DNA damage has been
initiated. As a result, the quest for DN A-repair mechanisms that block, reverse, or postpone pathologic
processes in UV-exposed skin has stimulated anti-photoaging research and methods to increase the
effectiveness of traditional sunscreens. This review summarizes many natural compounds from
microalgae, lichens, and plants that have demonstrated potential photoprotection effects against
UV radiation-induced skin damage. Furthermore, it offers an overview of current breakthroughs in
DNA-repair enzymes utilized in sunscreens and their influence on photoaging.
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1. Introduction

Prolonged sun exposure has long been recognized to induce photoaging [1], a process
in which the skin suffers changes in epidermal thickness, significantly increasing pigment
heterogeneity and dermal collagen deterioration, dermal elastosis and keratinocyte and
melanocyte mutagenesis. [2]. Regular UV exposure has a variety of biological impacts on
mammals, including the start of early aging, hyperpigmentation (dark spots), erythema,
immune system suppression and DNA damage. Recent qualitative research further distin-
guished between hypertrophic and atrophic skin aging, with the latest characterized by
increasing skin thickness and sallowness and the latter by erythema and an increased risk
of skin cancer [3]. The multibillion-dollar anti-aging goods market [4] is a reflection of the
priority today’s society places on looking young. Ultraviolet (UV) radiation has been shown
to be responsible for 80% of skin aging on the face [5]. Based on this, the strongest defence
against cutaneous age-related abnormalities is prevention with strict photoprotection [4],
despite the market’s emphasis on skin-aging reversal. A wide-brimmed hat, photoprotec-
tive apparel, sunglasses, and the use of sun protection factor (SPF) 30 broad-spectrum hued
sunscreen to exposed areas are all necessary for adequate photoprotection.

In order to defend themselves, microalgae produce useful compounds that attract
the attention of the beauty industry and make them prospective candidates for cosmetic
or cosmeceutical products, particularly those that protect skin from UV damage. Solar
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energy is converted by microalgal cells into chemical energy, some of which is then stored
as bioactive molecules [6]. These secondary metabolites are referred to as “bioactive
molecules” since they exhibit biological activity [6]. Researchers concluded that microalgal
extracts or bioactive compounds derived from microalgae have enormous potential for
innovative new bio-based products such as cosmetics, medications, and nutraceuticals
after several studies revealed that microalgae have high antioxidant capacities [6]. Several
skin care products for humans include microalgae. For instance, the company Soliance
employs an entire Arthrospira species, and personal skin care products include the Chlorella
species-derived peptide sequence LVMH. Alguronic acid is another ingredient in the anti-
aging skin care products produced by the company Solazyme [7]. The production of more
reliable and secure formulations at a cheaper cost is made possible by the use of Spirulina
extracts in dermo-cosmetic formulations. Long-term research is necessary to confirm its
anti-aging efficacy. Dunaliella salina is an esteemed microalga that is abundant in (3-carotene,
which has anti-aging potencial [8]. Similar to other organisms, exposure to UV light in
humans can have negative effects, including short-term erythema or “sunburn” and long-
term premature aging of the skin [9]. In this review, we discussed the value of cosmetics
made from promising microalgae and their prospective applications in sunscreen [10-15],
anti-aging [16], and skin-whitening products.

Furthermore, DNA damage is one of the primary causes of photoaging and is mostly
caused by ultraviolet radiation (UV-R) [17]. In an attempt to identify the biological targets
of UV-R and the subsequent cascade of impaired cell functioning and tissue deterioration,
recent research examined the harmful effects of UV-R at the cellular and molecular lev-
els [18]. Although endogenous DNA repair mechanisms, persistent DNA damage from
prolonged UV exposure can build up and result in photoaging and the development of
skin cancer [19,20]. Conventional sunscreen protection is preventative and useless once
DNA damage has already occurred. While the majority of the literature to date has focused
on how DNA-repair enzymes affect the development of cancers linked to UV exposure [20],
the goal of the current review is to examine recent research on the biological process of
photoaging and the function of DNA-repair enzymes. The top sunscreens with DNA-repair
enzymes that are currently on the market are mentioned below [21].

2. UV-Induced Skin Damage

The prevalence of several diseases and conditions linked to solar UV radiation has
dramatically risen and is still rising. Mammalian skin exposed to UV radiation on a regular
basis has a variety of biological effects, such as the onset of early aging, hyperpigmentation
(dark patches), erythema, DNA damage, and immune system suppression [2,18]. These
changes can directly or indirectly contribute to the growth of skin cancer [22,23]. The
least prevalent but most active component of solar radiation is UV-B (280-315 nm). As
the “burning ray”, UV-B radiation comprises up to 4-5% of total solar radiation, and
sunburn brought on by UV-B is 1000 times more intensive than UV-A. Moreover, UV-B
seems to be more genotoxic than UV-A. Ionizing radiation may directly damage atomic
structures in live cells, resulting in alterations in chemical and biological processes. It can
also work in an indirect manner by radiolyzing water, which leads to endogenous bursts
of reactive oxygen species (ROS) in the intercellular matrix as well as in and around the
radiation track that could harm lipids, proteins, and nucleic acids [24]. Proteins and genes
involved in oxidative metabolism are susceptible to direct or indirect effects from bursts
of ROS. It mostly affects the basal cell layer of the skin’s epidermis. The formation of the
isomerization of trans- to cis-urocanic acid, pyrimidine photoproducts, the upregulation of
ornithine decarboxylase activity, the production of free radicals in the skin, photoaging,
cell cycle growth arrest, and photo carcinogenesis are just a few of the harmful biological
effects it causes. UV-B exposure most likely initiates the production of free radicals, which
depletes the skin’s antioxidant reserves, making the skin less able to defend itself against
free radicals produced by exposure to daylight. DNA damage is thought to be the cause
of squamous and basal cell carcinoma in the skin. Moreover, it may also weaken the
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skin’s immunological defences [25,26]. Even very brief exposures to UV-C are extremely
harmful to all forms of life. The skin suffers severe damage as a result. Thankfully, ozone
in the Earth’s atmosphere entirely absorbs UV-C from the sun, and no solar radiation with
wavelengths below 290 nm reaches the planet’s surface [25,26]. In this review, we will
briefly touch on how UV radiation causes the development of ROS [27] and how these ROS
can cause skin ailments [28], including hyperpigmentation (dark patches), skin aging, and
photoaging [29].

2.1. Hyperpigmentation

Hyperpigmentation is a process in which patches of the skin become darker in color
than the surrounding skin. The pigment melanin was overproduced and accumulated,
changing the hue of the skin. Lentigines, liver spots, and age spots are other names for these
hyperpigmented lesions. They appear on sun-exposed areas of the body, especially the
arms and face, and are thus most likely caused by long-term UV exposure [30]. The dermal
melanophages that have been seen histologically to lay beneath the lentigines may also
contribute, at least in part, to their appearance of darkness. These findings probably point to
a difference in the genetic expression of the keratinocytes (KC) and melanocyte (MC) within
the spot as compared to the MC in the non-spot skin around it. The epidermal architecture
is frequently drastically altered, which may be partially due to the damage caused by
persistent UV exposure that is linked to spot formation. Tyrosinase, a glycoprotein [30]
found in the melanosome membrane that catalyzes the conversion of L-tyrosine to melanin,
is one enzyme that plays a major role in regulating melanogenesis [31].

Melanogenesis is controlled at the level of tyrosinase maturation and translocation. The
presence of certain carbohydrate moieties regulates the translocation of tyrosinases [32]. Eu-
melanin and pheomelanin, two different kinds of melanin, are produced by melanosomes.
Tyrosinase and associated proteins (TRP-1 and TRP-2) are created by MITF’s phosphoryla-
tion, which is triggered by a number of signaling pathways, including the ERK, cAMP, and
Wnt pathways. Upstream of the receptor molecules such as KIT (ligand SCF) and MC1R
(ligands «-MSH, ASP, and ACTH) upregulate these signaling pathways, and the cAMP
pathway is activated by the KIT receptor, as well as the MC1R which stimulates the ERK
and cAMP pathways simultaneously. This further phosphorylates the MITF (Figure 1).
Finally, tyrosinase-related enzymes are expressed as a result, which further facilitates the
formation of melanin [33-35]. Likewise, when exposed to UV, the skin produces ROS,
which activate the MC1R and «-MSH receptors and increase the synthesis of tyrosinase,
resulting in the excess production of melanin [36] (Figure 1).

However, actinic lentigos exhibit a rise in the mRINA levels of melanogenesis-related
genes, such as tyrosinase, TYRP1 (tyrosinase-related protein 1), POMC (proopiomelanocortin),
DCT (dopachrome tautomerase), and MITF (microphthalmia-associated transcription fac-
tor). Moreover, the epidermal endothelin cascade (which includes endothelin-1, endothelin
converting enzyme 1-a, and endothelin-B receptor) is accentuated, and a role for stem
cell factors in hyperpigmentation (particularly solar lentigos) has been discovered [37].
Changes in the factor XIII1 melanophages and epidermal-melanin axis have also been
noted. As many of these alterations continue even after avoiding more UV exposure,
they appear to be irreversible [38]. The specifics of these apparent alterations in genomic
expression have not yet been established.

2.2. Skin Aging

Higher mammals go through the intricate process of skin aging, which is brought on
by two things. One is intrinsic, in which genetics, epigenetics, and hormonal status have
arole in aging [39]. The latter is extrinsic, where skin aging results from exposure to UV,
visible, and IR radiations, climate, air pollution, chemicals, smoking, drugs, lifestyle, diet,
emotional factors and stress, etc. [40]. Premature aging or photoaging are terms used to
describe this process [41]. All skin regions are impacted by intrinsic aging. Aged skin is
thin, translucent, dry, prone to fine lines and wavy hair growth, unable to produce enough
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sweat, and loses subcutaneous fat tissue, which results in hollowed cheeks and eye sockets,
and inadequate sweating [42]. Each bodily site’s symptoms could be different. According to
Davis et al., the degree of pigmentation and maybe other, as of yet unidentified, contributing
variables cause the intrinsic aging process, which is found to vary by ethnic group [43].
Indeed, there is no such thing as skin that ages only due to intrinsic reasons. Those who
have lived solely indoors their entire lives may develop skin conditions that are quite
similar to that. Individuals often have skin that displays distinct extrinsic aging phases
overlaid on the degree of intrinsic aging.
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Figure 1. Signaling channels that are involved in melanin production. Adenosine 3',5'-cyclic AMP
(cAMP), cAMP response element-binding (CREB), tyrosinase-related protein (TRP), microphthalmia-
associated transcription factor (MITF), melanocortin 1 receptor (MCIR), wingless-related integration
site (Wnt), -melanocyte-stimulating hormone (MSH), agonist stimulating protein (ASP), and stem
cell factor (SC).

The aging of the skin is significantly influenced by ROS. Around 1.5-5% of the oxygen
that is ingested by the skin is converted into ROS by radiolyzing water [44]. Inherent
aging is thought to be mostly caused by ROS, which is continually created as a byproduct
of aerobic metabolism in the mitochondria’s electron transport chain [45]. In the skin,
keratinocytes (KC) and fibroblasts (FB) are the primary sources of “mitochondrial” ROS. The
reactive superoxide anion radical (*O, ) is a ROS that is primarily created in mitochondria
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from oxygen by adding an electron to each oxygen (O;) molecule. Superoxide anions, which
are ROS particles, can damage cellular structures when produced in large quantities [44].

The numerous growth factor and cytokine receptors are activated by ROS, and this
further stimulates the P13/ AKT pathway and mitogen-activated protein kinase (MAPK)
signal transmission. However, the FoxO is rendered inactive by the AKT pathway, which
prevents the cell’s production of antioxidant enzymes. Activator protein-1 (AP-1) and NF-
kB are both nuclear proteins that MAPK regulates, and the expression of MMP is caused by
AP-1 stimulation [46]. MMPs are a group of extracellular proteinases that include zinc that
breaks down extracellular substances, including collagen and elastic fibers, which results in
the development of wrinkles [46,47]. Moreover, the hyaluronidase enzyme, which breaks
down hyaluronic acid, is activated by ROS. The extracellular matrix contains hyaluronic
acid, which helps to maintain the skin smooth, wet, and lubricated by absorbing and
holding onto water molecules [48,49]. Yet, recent experimental data demonstrate that low
amounts of ROS might serve as a beneficial signaling agent, particularly when superoxide
anions are transformed into hydrogen peroxide. The principal mitochondrial neutralizer
of constantly generated superoxide anions is manganese superoxide dismutase (MnSOD).
Outside of the mitochondria, there are other types of SOD, but only MnSOD has been
proven to be crucial for the survival of aerobic life [50]. Although, the extracellular matrix
degrades more quickly, and cells have a decreased capacity for cell replication, which are
two additional key phenomena linked to intrinsic skin aging. All dividing cells lose some
of their capacity to replicate over time. This particularly impacts MC, FB, and KC in the
skin. Cellular senescence is the name of this process. In older skin, senescent, non-dividing
cells are more prevalent. [51].

Extrinsic aging is brought on by oxidative environmental variables such as
sunlight [52,53], cigarette smoke, or other pollutants [54]. According to epidemiologi-
cal research, prolonged exposure to cigarette smoke and UV-A radiation both hasten the
aging process of the skin [55]. The main cause of extrinsic skin aging, also known as
photoaging, is exposure to UV light [53]. The rate of skin aging caused by UV radiation
relies on the frequency, length, and intensity of sun exposure as well as the natural defense
provided by skin pigmentation [56]. Deep wrinkles, loss of elasticity, dryness, laxity, an
appearance of having a rough texture, telangiectasias, and pigmentation disorders are
characteristics of photo-aged skin, which is considerably different from the skin that is
mostly intrinsically old [57]. According to the Fitzpatrick skin phototype, photoaging is
more pronounced in people with fair skin (skin types I and II) and less pronounced in those
with skin types III or above [58]. As a result, the degree of photoaging is mostly determined
by the total UV radiation received as well as by the skin’s level of pigmentation. Damage to
the structural elements of the connective tissue of the dermis is the main factor responsible
for the aged look of photodamaged skin [59]. The three main groups of biomolecules that
make up connective tissue structural proteins (collagen and elastin), glycosaminoglycans
(GAGs), proteoglycans, and special macromolecules are created by FB (laminin fibrillin,
hyaluronan, and fibronectin) [59]. In recent years, a great deal of work has been carried
out to understand the molecular alterations in photoaged skin [60]. The direct and indirect
effects of UV radiation on epidermal and dermal structures in connection to aging and the
function of oxidative processes herein are discussed in the next portion of this review.

Principles of Sun-Induced Photoaging

The word “photoaging” refers to certain functional, clinical, and histological charac-
teristics of skin that has had repeated sun exposure [61]. It originated from a number of
words, including rapid skin aging and heliodermatosis. Nonetheless, several characteristics
of photoaged skin are unique, making it a distinct process with its own pathophysiology.
Particularly among the Western population, longer lifespans, more free time, and excessive
exposure to UV radiation from natural sunshine or tanning beds have led to an increase in
the need for skin protection against the harmful effects of UV exposure. Photoaging will
thus be a growing problem in the future. The clinical and histological signs of photoaged
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skin have been recognized for some years, but the underlying molecular processes causing
the precise macro- and microscopic abnormalities have only recently been identified [61].

“Telomere shortening and damage are recognized causes of cellular senescence and
aging” [62,63]. A cell’s age may be determined by the length of its telomeres. Many age-
related diseases, including benign and malignant neoplasms and photoaged skin, have
been linked to genomic instability brought on by telomere shortening [64-67]. Accelerated
telomere shortening has been associated with DNA-damaging substances such as ROS
in vitro investigations [68]. This contributes to UV-induced damage to important regulatory
genes, which results in the classic signs of photoaging [69]. Reactive oxygen species (ROS),
which are produced by UV irradiation, activate a variety of cell surface receptors, including
those for keratinocyte growth factor, insulin, tumor necrosis factor (TNF-«), and interleukin-
1. Protein-tyrosine phosphatase-j, an enzyme that keeps receptors such as the EGF receptor
inactive (hypophosphorylated), is inhibited by ROS, which mediates receptor activation in
part. By stimulation of the stress-related mitogen-activated protein (MAP) kinases p38 and
c-Jun amino-terminal kinase, receptor activation causes intracellular signaling (JNK). The
nuclear transcription complex AP-1, which is made up of the proteins c-Jun and c-Fos, is
transcriptionally induced by kinase activation [70].

In addition to activating receptors, UV also produces ROS that damage membrane
lipids, causing ceramide to be released and AP-1 to be activated (Figure 2) [71]. Cyclooxy-
genase enzymes convert arachidonic acid into prostaglandins, which attract inflammatory
cells to the location. Since it inhibits the effects of transforming growth factor-3 (TGF-f3),
a cytokine that stimulates collagen gene transcription [70,72] and negatively controls ker-
atinocyte proliferation, increased AP-1 transcription and activity prevent the production of
the main dermal collagens I and III (Figure 2) [70,73]. Activated receptors drive the tran-
scription of the matrix metalloproteinase (MMP) gene, which in turn encourages signaling
cascades that lead to the production of transcription factor AP-1. Furthermore, procollagen
gene expression in fibroblasts is suppressed by AP-1. Matrix metalloproteinases, which
are produced by KC and FB, degrade collagen and other proteins that make up the dermal
extracellular matrix. The structural and functional integrity of the extracellular matrix is
threatened by dermal damage that is not effectively healed. Repeated sun exposure causes
a build-up of dermal damage, which eventually results in the recognizable wrinkles of
photodamaged skin (Figure 2).

The intracellular signaling proteins SMAD2, SMAD3, SMAD3, and SMAD? are ac-
tivated by TGF-f3 to mediate its actions, and SMAD? inhibits these effects [74]. In fact,
UV causes the human skin’s SMADY protein to be produced, which disrupts the TGF-3
SMAD2-3 signaling [75,76]. This causes keratinocyte proliferation, epidermal hyperplasia,
and a reduction in type I procollagen synthesis, which results in collagen loss. Further
reducing collagen transcription, AP-1 lowers the number of TGF-f3 receptors in the body.
This also counteracts the intrinsic retinoic acid stimulatory action on collagen synthesis.
Collagen production is therefore decreased in the skin that has been photodamaged by
UV radiation on a regular basis [75]. Moreover, UV-induced PTEN phosphatase inhibition
and Akt kinase activation, which both work by stimulating the phosphoinositide 3-kinase
signaling pathway, boost AP-1 activity [77]. The cysteine-rich 61 protein (CYR61), a new
regulator of collagen production that is triggered by UV irradiation in FB, has recently
been demonstrated also to stimulate AP-1. Matrix metalloproteinase (MMP)-1 and other
enzymes that break down extracellular matrix components are produced as a result of
CYR®61 (collagenase). Moreover, CYR61 lowers the amount of TGF-f3 receptors and reduces
the formation of type I procollagen [78]. The levels and activity of MMPs, notably MMP-1,
MMP-3 (stromelysin-1), and MMP-9, are increased by CYR61’s induction of AP-1 (92-kDa
gelatinase) [70,79]. Furthermore, UV irradiation enhances the development of MMPs and
activates the nuclear factor (NF)-«B transcription factor, which in turn causes the expression
of proinflammatory cytokines such as vascular endothelial growth factor (VEGEF), IL-1,
IL-6, and TNF-p [80,81]. After neutrophil infiltration into UV-irradiated skin, MMP-8, a
collagenase of neutrophil origin, further exacerbates matrix deterioration. In fact, one study
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contends that infiltrating cutaneous neutrophils is the primary cause of UV-induced MMP
and elastase release. Tissue inhibitors of metalloproteinases (TIMPs), which slow down
matrix breakdown, cannot completely counteract the negative effects of MMPs. Superoxide
and peroxynitrite, a byproduct of the nitric oxide process generated by UV-irradiated KC,
can activate NF-«B [82]. The dermis accumulates partially damaged collagen fragments as
a result of UV-induced collagen degradation, which is usually incomplete and is thought to
lessen the structural integrity of the skin [70]. Large collagen degradation products also
prevent the synthesis of new collagen [83], which means that collagen degradation itself
adversely controls the production of new collagen.
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Figure 2. Model showing the effects of solar UV rays on connective skin tissue. The keratinocytes (KC)
and fibroblasts (FB) growth factor and cytokine receptors are activated by ultraviolet rays (jagged
arrow). Matrix metalloproteinase (MMP) gene transcription is stimulated by activated receptors,
which in turn promote signal transduction cascades that result in transcription factor AP-1. AP-1
also suppresses procollagen gene expression in FB. Collagen and other proteins that make up the
dermal extracellular matrix are broken down by matrix metalloproteinases, which are released by
KC and FB dermal injury that is not properly repaired; this compromises the extracellular matrix’s
structural and functional integrity. Frequent sun exposure leads to dermal damage build-up, which
finally produces the distinctive wrinkles of photodamaged skin (Modified from 70). Dashed lines
represent the nucleus.

3. Application of Microalgae in Cosmetics

Microalgae produce a number of secondary metabolites with anti-inflammatory, anti-
blemish and antimicrobial activities [5]. Certain microalgal extracts such as
Arthrospira platensis, Chlorella vulgaris, and Dunaliella salina can be used for repairing skin
aging, healing and preventing wrinkle formation [84-87]. The microalgae or its compo-
nents’ activity is the basis for the creation of several commercially available cosmetics
and cosmeceuticals. Anti-aging creams, refreshing/regenerating care items, emollients
and anti-irritants in peelers, sunscreen cream, and hair care items are a few examples of
commercialized microalgae sources in the skin care industry. These cosmetics and cosme-
ceuticals contain bioactive microalgae components or algal extract (Table 1 and Figure 3).
The products could offer promising and innovative alternatives to existing cosmetics and
drive the development of new functions for cosmetic products.
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Figure 3. Potential microalgal compounds used in cosmetics such as sunscreen and anti-aging.

Cosmetic and cosmeceutical products must safeguard the natural dermal qualities
and improve its appearance of health. They are typically applied when skin becomes
dry due to a change in the filaggrin gene, which produces the skin’s natural moisturizing
component. Additionally, by protecting against both external and internal influences, they
could be used to lessen the signs and symptoms of aging [6]. In addition to offering these
advantages, they should have anti-bacterial and anti-fungal activities against organisms
such as Mucor ramaniannus and Candida albicans to protect the equilibrium of the skin
flora. Moreover, extracellular matrix stability, acne management, cell regeneration, skin
whitening, inflammation control, stimulation of angiogenesis, and oxidative stress manage-
ment are all areas where microalgal antimicrobial peptides play distinctive roles. Cosmetics
may contain chemicals that have unintended adverse effects, such as triggering hypersensi-
tivity reactions, anaphylactic shock, or fatal poisoning [88]. To select compounds as safe
cosmetics, some crucial studies such as genetic toxicity, phototoxicity, photo genotoxicity,
toxicokinetics, and carcinogenicity should be conducted. Due to the growing popularity
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of cosmetics, there is a greater demand for natural and sustainable resources for the man-
ufacture of cosmetics [87]. Cosmetics made from microalgae can replace current goods
and are safe for the environment; the FDA has authorized Arthrospira extract as a “safe”

food ingredient.

Table 1. Potential application of microalgae as natural cosmetics.

Species Ingredient Activity/Uses References
AR TR, Mycosporine-like amino
Nostoc punctiforme, acids (MAAs) Photoprotection [89,90]
Gloeocapsa sp.
Arthrospira platensis,
Dunaliella salina, Sporopollenin, scytonemin,
Chlorella vulgaris, mycosporine-like amino acids Photoprotection [91]
and Nannochloropsis (MAAs)
oculata
. Polyunsaturated fatty acids Prevents oxidative stress
Odontella aurita (PUFAs) on skin [92]
Porphyra sp. .
S . Cosmetics (face powder,
Porphs]/}:zdzum Phycoerythrin eye shadow) [93]
Arthrospira sp. Phycocyanin Cosmetics (eye shadow) [94]
. Wrinkle reduction, collagen
Dunaliella, . .
. Carotenoids formation and [95]
Nannochloropsis . .
tissue regeneration
Improves moisture
balance of the skin, skin
. . . complexion,
Arthrospira sp. Phycobiliprotein . [96]
immunity and
reduces wrinkle
Dunaliella salina [3-carotene Stlml}lates. cell [95]
proliferation
. . . L Prevents early skin aging and
Arthrospiraplatensis v-linoleic acid wrinkle formation [96]
Asterocapsa nidulans Alguronic acid Strengthens skin immunity [97]
Porphyridium Sulfated polysaccharide Stre.ngthen.s skin [97]
sp. Immunity
Improves skin elasticity and
Botryococcus braunii Squalene moisture retention, [98]
prevents age
spots and hyperpigmentation
Haematocqccus Astaxanthin Photoprotection [99,100]
lacustris
Nostoc commune, Anabaena variabilis, . . Inhibition of advanced
Aphanothece Mycosporine-2- glycine . [97]
) glycation end products
halophytica
Decrease matrix
Olisthodiscus lutetfs, Microchloropsis Fucosterol metalloprote{nases expression [91]
salina and increase
collagen production
Dunaliella bardawil {3-carotene Improves bioavailability and [101]

antioxidant properties on skin

Researchers have discovered that compounds derived from microalgae can be uti-

lized as the primary active ingredient in cosmetics, but some of these compounds also
have characteristics that allow for them to be employed as excipients, such as stabiliz-
ers, dyes, or thickening agents [87,102]. Typically, personal care items, including face
lotion, cream, shampoo, body soap, and colorants for cosmetics, are formulated using
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their extracts or bioactive compounds [6,103,104]. Their sterols can also be utilized in
moisturizing lotions [105]. Moreover, their pigments, like the keto carotenoid astaxanthin
and [3-carotene, are utilized in skin care, anti-aging, and anti-irritant treatments [105]. In ad-
dition, 3-carotene with non-modified 3-ionone rings such as 3-carotenes are the precursor
molecules for vitamin A [104]. Fucoxanthin protects against UV-B-induced skin damage by
reducing intracellular ROS, like astaxanthin, an orange-colored pigment with antioxidant
and provitamin A properties. Fucoxanthin has anti-pigmentary action in UV-B-induced
melanogenesis in addition to its sunscreen properties [105,106]. Fucoxanthin could be an
active component of cosmeceuticals and nutraceuticals utilized in the defense of the skin
from photoaging [16,105,107]. Microalgae are also a source of phenolic compounds which
are valuable antioxidants and photoprotective compounds [108,109]. The green microalga
Lobosphaera incisa accumulates triacylglycerols (TAGs) with exceptionally high levels of
long-chain polyunsaturated fatty acids (LC-PUFA) and arachidonic acids (ARA) under ni-
trogen (N)-deprived conditions [110]. The cosmetic industry uses extracts from microalgae
which are high in pigments, PUFAs, phycobiliproteins and carbohydrates which can be
used to make lotions, creams and ointments. Mycosporine-like amino acids (MAAs) are
small <400 Da, water-soluble, colorless UV-absorbing compounds synthesized by marine
microbes as an adaptation for their high sunlight environments. They have a unique absorp-
tion spectrum between 309 and 362 nm. Structurally, MAAs are divided into two groups:
(i) the mycosporines, which have a single modified amino acid residue connected to a
cyclohexenone core, and (ii) MA As, which have two such amino acid substituents [9,14].
MAAs have good antioxidant properties. MAAs produced from Dunaliella, Arthrospira, and
Chlorella have the potential to act as sunscreens to reduce the damage induced by ultraviolet
rays. Microalgae Odontella aurita also showed potential free radical scavenging activity to
maintain youthful skin.

Adequate research is currently lacking in order to apply the findings of in vitro ex-
periments on model organisms and the application of efficient compounds to human skin.
Additionally, patients and researchers must understand that compliance is crucial when
using natural cosmetics since they work more slowly than traditional cosmetics made of
synthetic substances. Important research on genetic toxicity, photo genotoxicity, phototoxi-
city, toxicokinetics, and carcinogenicity should be carried out in order to choose substances
as safe cosmetics. To specify compounds as a harmless cosmetic, certain crucial studies
such genetic toxicity, photogenotoxicity, phototoxicity, toxicokinetics, and carcinogenicity
should be performed [111]. Using genetic toxicity studies, such as the Ames Salmonella test,
one may determine the carcinogenic potential of bio compounds produced from microal-
gae [112]. Moreover, the 3T3 neutral red uptake (3T3 NRU) experiment, the 3-dimensional
(3D) epidermis model, and the erythrocyte photohemolysis test can be used to determine
the phototoxicity of microalgal bioactive compounds. Nevertheless, as natural products
have long been used to promote health and wellbeing, they may have promised nutritional
and therapeutic benefits with minimal-to-no negative effects.

3.1. Photoprotection Prospects of Microalgal Products

Organic carbon molecules and oxygen, which are necessary for life on Earth, are
produced by cyanobacteria, algae, and plants, which also turn solar energy into chemical
energy. UV rays hit the Earth’s surface more intensely as a result of ozone layer depletion
and the rising emission of atmospheric contaminants. The ozone layer absorbs UV-C
radiation, which ranges in wavelength from 100 to 280 nm. The ozone layer blocks most
of the ultraviolet-B (UV-B) radiation (280-315 nm) that reaches the Earth’s surface, but
some do get through. As the ozone layer thins, UV-B radiation intensity rises. However,
the ozone layer has little effect on ultraviolet-A (UV-A) light, which ranges in wavelength
from 315 to 400 nm (320 to 400 nm). The primary kind of solar radiation that enters our
atmosphere is UV-B, which harms living things exposed to the sun by causing DNA strand
breaks, membrane rupture, enzyme deactivation, the production of cytotoxic DNA lesions,
and other extremely hazardous effects. Because native DNA molecules cannot absorb UV-A
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radiation, ROS are created, which cause indirect DNA damage [113]. As a result of these
consequences, UV-A and UV-B have mutagenic and carcinogenic effects on humans, speed
up the skin’s aging process, and cause photodermatitis. In order to defend themselves from
UV radiation, microalgae have developed a number of defenses, including (i) the expression
of DNA-repair enzymes; (ii) the creation of antioxidant enzymes; (iii) the avoidance of
the UV; and (iv) the production and accumulation of UV filter metabolites [114]. These
mechanisms, along with the manufacture of UV filter metabolites, commonly known as
“microbial sunscreens”, make microalgae potential candidates for the cosmetic sector to be
employed in sunscreens produced from natural sources [113,115].

To defend themselves from sun radiation, microalgae produce a variety of UV filter sub-
stances, including sporopollenin, scytonemin, mycosporine-like amino acids, 3-carotene,
and other substances such as biopterin glucoside, lycopene, and ectoine for UV protection
and photoaging [91]. These bioactive substances shield the body from skin cancer, sunburn,
and other diseases by inhibiting the manufacture of melanin, among other things.

The skin is shielded from UV damage by lutein, which is generated by Chlorella pro-
tothecoides, Scenedesmus almeriensis, Muriellopsis sp., Neospongiococcus gelatinosum,
Chlorococcum citriforme, Chlorella zofingiensis, D. salina, and Galdieria
sulphuraria [15,87,102]. The chemicals in microalgal extracts or extracts from microal-
gae help shield the skin from UV damage [87]. The most significant and extensively
researched compounds that are utilized in sunscreens made by microalgae are scytone-
min and mycosporine-like amino acids. Cyanobacteria produce scytonemin—a lipophilic,
extracellular yellow-brown pigment—in their sheath when exposed to intense sun ra-
diation in order to shield themselves from UV-A radiation with an absorption of up to
90% [10,15,114]. Scytonemin has a maximal absorption range of 252-386 nm [114,116,117].
Coelastrin A and Coelastrin B, two novel MAAs from Coelastrella rubescens, exhibit pho-
toprotective properties [118]. Klebsormidin A and klebsormidin B, the newly identified
MAAs from Klebsormidium, showed that their biosynthesis and intracellular enrichment is
strongly induced by UVR exposure, supporting the function of these compounds as natural
UV-sunscreens [119].

Scytonemin is produced when the gene responsible for its production is activated by
UV-A, and it then builds up in the body. Scytonemin and derivatives of scytonemin can be
produced by a number of cyanobacterial species such as Anabaena, Calothrix, Chlorogloeopsis,
Diplocolon, Gloeocapsa, Hapalosiphon, Lyngbya, Nostoc, Phormidium, Pleurocapsa, Rivularia,
Schizothrix, Scytonema, and Tolypothrix [113].

The hydrophilic and colorless mycosporine-like amino acids (MAAs) are produced by
marine organisms such as cyanobacteria [11,12], microalgae, macroalgae, fungi, etc., that act
as an antioxidant by preventing ROS-induced DNA damage as well as a photoprotectant
by shielding cells from UV-B and UV-A radiation by absorbing radiation and dissipating
excess heat energy into the cell and surroundings [120-122]. Only a small percentage of
the physical and chemical filters on the market, referred to as “broad-spectrum sunscreen”,
can effectively block both UV-A and UV-B rays [123]. Therefore, it is crucial to include
MAAs as a UV filter agent in sunscreens since they have a high capacity to absorb UV
between 309 and 362 nm, making them a broad-spectrum sunscreen [115]. They can be
a very stable cosmetic product because they are also very photostable and very resistant
to heat, pH fluctuations, and different solvents [124]. The first sunscreen product, named
Helioguard 365, was created by the Swiss company Mibelle AG Biotechnology using a
natural UV screening substance called an MAA containing a certain proportion of Porphyra-
334 and shinorine obtained from red algae Porphyra umbilicalis [125,126].

3.2. Microalgal Compounds as Anti-Aging Therapies

The formation of AGE (advanced glycation end products), the impact of ROS, and ma-
trix metalloproteinases (MMPs) are the most important processes among theories about the
aging process. Pharmaceutical companies have recently become interested in substances
that are preventing AGE. Recently described as an inhibitor of AGE formation, mycosporine-
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2-glycine (M2G), a very uncommon mycosporine-like amino acid, has been proposed as
a key component in anti-aging therapies [127]. Nostoc commune, Anabaena variabilis, and
Aphanothece halophytica have all been found to be capable of producing mycosporine-2-
glycine. The key strategy to delay the aging of the skin is moisturization. It can support
skin elasticity and beauty maintenance and increase environmental harm prevention. Hy-
droxy acid (HA) benefits the skin and has been utilized in cosmetic goods to moisturize
skin. Plants are capable of producing hydroxy acids, but because plant output is restricted,
interest in algal polysaccharides is growing. According to studies, Pediastrum duplex ex-
tract has a significant number of polysaccharides and can be used to preserve and mois-
turize skin [87]. Salicylic acid, a-HA, and 3-HA are different types of HA. Due to the
hydroxyl group connected to the carbon atom adjacent to the carboxyl group, x-HA is
also known as 2-hydroxy acid. Lactic and glycolic acids are cosmetics’ two most widely
used 2-hydroxy acids. As a result of the hydroxyl group linked to the carbon atom that
comes in second place when counting, starting from the carboxyl group, 3-HA is also
known as a 3-hydroxy acid. Citric acid is the most well-known 3-hydroxy acid utilized
in the cosmetic formulation [128]. A. variabilis, Anacystis nidulans, Chlorella pyrenoidosa,
Chlamydomonas reinhardtii, Cyanidium caldarium, Phormidium foveolarum, and Oscillatoria
species have also been shown to create 2-hydroxy acids and 3-hydroxy acids, and their
extracts can act as antioxidants [129,130].

3.3. Microalgal Product’s Potential as Skin Whitening Agents

The pigment melanin is what gives hair, skin, and eyes their pigmentation, and it is
created to protect the skin from UV damage. Nevertheless, melanin overproduction gives
the skin a distinct color [87,131]. Tyrosinase is a crucial enzyme that starts the manufacture
of melanin, and tyrosinase inhibitors can stop pigmentation in the skin [132]. Tyrosinase
inhibitors contain phenolic structures or metal chelating groups, which result in two
mechanisms: inhibiting interactions between the substrate and the enzyme and chelating
copper within the active site of the enzyme. Finding novel, naturally derived alternatives
to these synthetic tyrosinase inhibitors is important due to their high toxicity, low stability,
insufficient action, and poor skin penetration, and microalgae can serve as a promising
possibility [133]. S. plantensis extracts can be employed as tyrosinase inhibitors [133].
According to Oh et al. (2015), Pavlova lutheri inhibits melanogenesis [134]. Tyrosinase
inhibitory activity was also demonstrated by Oscillapeptin G from Oscillatoria agardhii,
asthaxanthin from Haematococcus pluvialis, and zeaxanthin from N. oculata [135]. In addition
to inhibiting the tyrosinase enzyme, vitamins C and E can inhibit the skin’s synthesis
of melanosomes. A well-known NADH (Nicotinamide Adenine Dinucleotide Hydrate)-
based process that protects mammalian skin from UV radiation damage is the self-acting,
synergistic combination of vitamins E and C. Pediastrum cruentum’s high concentration of
vitamins E and C make it a potential candidate as a cosmetic to prevent melanoma [136].

4. Excipients in Sunscreen

Despite the increasing use of cosmeceuticals and sunscreen additives, assessing their
safety and efficacy is critical. While the specific mechanism of UV-R and VL-induced pho-
toaging is unknown, the downstream consequences of increased ROS, MMPs, and DNA
damage have already been widely described [137]. Sunscreen additives have been used or
suggested in sunscreens to improve photoprotection and assist in preventing photoaging
by battling the negative effects of sunshine on the skin. Antioxidants are crucial in avoiding,
alleviating, and damping free radicals and oxidative stress. Despite the fact that our cells
manufacture natural antioxidants, UV-R and other stressors frequently outnumber our
indigenous supply [138]. To restore depleted antioxidant reserves and reduce oxidative
stress on the skin, topical antioxidants have been included in sunscreens. Wang et al. [139]
examined the radical skin protection factor (RSF) and antioxidant power (AP) of 12 sun-
screen lotions containing vitamin C, vitamin E, or other antioxidant compounds against
simulated UVA- and UVB-induced ROS in an ex vivo investigation conducted in 2011.
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Recent reviews and research have shown that adding antioxidants to sunscreen formulas
has a favorable effect. In one study, sunscreens containing SPF 25 plus a combination of
caffeine, vitamin E, vitamin C, Gorgonian extract, Echinacea pallida extract, and chamomile
essential oil revealed a lower MMP-1 expression than those with simply SPF 25. [140]. The
effectiveness of antioxidants in sunscreens may vary depending on the formulation of
the sunscreen. It has been argued that in order for antioxidants to be effective, they must
have strong antioxidative capabilities, be present in high concentrations, be viable in the
final formulation, and be able to permeate the stratum corneum while being active in the
epidermis and dermis [138]. With regard to antioxidants studied in topical formulations,
vitamin C (I-ascorbic acid) is the most abundant antioxidant in the skin and, due to its water
solubility, plays a key role in the skin’s aqueous compartments [138]. It also aids in the
replenishment of vitamin E, functions as a cofactor in collagen formation, and lowers elastin
build-up. Thankfully, it is possible to create a stable formulation by combining it with other
antioxidants, such as vitamin E («-tocopherol) and ferulic acid [138,141]. Murray et al. [142]
revealed that once compared to untreated skin, skin pre-treated with sunlight-simulated
UV-R after application of a topical formulation of 15% l-ascorbic acid, 0.5% ferulic acid (CE-
Fer), and 1% «-tocopherol for 4 days significantly reduced UV-induced erythema, thymine
dimers, sunburn cells, and p53 induction. Additionally, vitamin E has been proven in
several animal and human trials to be helpful in reducing lipid peroxidation, photoaging,
and photocarcinogenesis [138]. This shows that topical CEFer may play a function in
photoaging and skin cancer prevention [141,142]. Vitamin A and its analogues, namely,
retinoids and [3-carotene, have indeed been extensively researched in the field of anti-aging
and have demonstrated efficacy in the prevention and restoration of photoaging [143]. To
decrease protein-1 and MMP-1 production, they bind to cytoplasmic receptors, including
cellular retinoic acid-binding protein types I and II, in addition to nuclear receptors such as
nuclear retinoic acid receptors and retinoid X receptors [138]. This causes enhanced epider-
mal proliferation, epidermal thickness, stratum corneum compression, glycosaminoglycan
biosynthesis and deposition, and increased collagen formation [138]. Additionally, there
is scientific proof that topical retinoids might play a role in non-melanoma skin cancer
prevention by beginning tumor cell growth arrest and normal cellular differentiation [144].
Nevertheless, because retinol and retinoids are somewhat unstable when exposed to UV
and visible light, their usage as a sunscreen component is primarily for anti-aging bene-
fits rather than improved photoprotection. Several botanicals contain polyphenols, such
as tea leaves, almond seeds, grape seeds (Vitis vinifera), and pomegranate extract [145].
Through one study, sunscreen incorporating polyphenols such as epigallocatechin-3-gallate
from tea extracts outperformed sunscreen alone in terms of protecting human skin versus
solar-simulated UV-R [140]. Moreover, green tea extract combined with resveratrol, another
polyphenol, gave SPF protection irrespective of chemical and physical UV filters.

Melatonin functions as an antioxidant in three distinct but complementary ways. It can
serve as a free radical scavenger, reduce free radical production, and increase the activity of
antioxidant enzymes [146]. It has shown potential in the treatment of both UV-B and UVA-
induced oxidative damage. Melatonin treatment reduced p53 expression, enhanced DNA
repair, and lowered CPD production in human MC and KC [147]. Melatonin also inhibited
UV-induced erythema and stimulated endogenous enzymes to combat oxidative stress [9].
According to this study, melatonin may be an additive in protecting KC, FB, and MC against
UV-induced photoaging. Genistein, a soybean isoflavone, has been shown to block tyrosine
kinase—the enzyme that begins epithelial receptor-mediated signaling [148]. It has been
shown that applying genistein to human skin prior to delivering an erythemogenic UV
irradiation dosage inhibits JNK and MMP-1 overexpression without causing cutaneous
erythema, suggesting that genistein does not serve as a sunscreen but rather impacts
UV-mediated signaling [149].

Photolyases, in addition to antioxidants, are useful sunscreen ingredients. Photolyases,
especially CPDs, are enzymes with the unique capacity to repair DNA damage. These are
flavoproteins that require flavonoids as cofactors to absorb UV. In both in vivo and in vitro
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experiments, UV-absorbed energy is subsequently transferred to damaged DNA to break
CPD links [150]. When combined with SPF 50 sunscreen and antioxidants, it dramatically
decreases photoaging indicators compared to sunscreen exclusively or sunscreen with
antioxidants [151].

5. DNA-Repair Enzymes with Sunscreens: Recent Concepts

Sunscreens are essential for combating photoaging because they block the transmission
of UV-R [152]. Numerous studies have shown that using traditional sunscreens on a regular
basis can help prevent the development of skin cancer [153,154]. They do not heal skin
cells that have already been harmed by sun exposure [155]. Sunscreens that incorporate
DNA-repair enzymes, as well as antioxidants in combination with the sun protection factor
(SPF), provide “active photoprotection” [155]. Using a dual mechanism of prevention and
repair, these chemicals may overcome the existing insufficiency of sun radiation damage
management [155]. The two most important examples, photolyase and T4 endonuclease V,
are explored further below.

5.1. Photolyase

The genome of 81 strains of the genera Synechococcus, Cyanobium, and Prochlorococcus,
obtained from various marine and brackish habitats, were compared. It was observed that
these strains together had eight distinct photolyase/cryptochrome protein members [156].
Photolyase, a flavoenzyme containing the flavin adenine dinucleotide molecule, functions
as a catalytic cofactor in restoring UV-induced DNA damage in CPD and 6-4PPs [157].
Photolyase identifies damaged thymine dimers and repairs them by directly absorbing
blue light, even by flavin adenine dinucleotide molecules or by transferring energy from an
activated antenna chromophore to second chromophore [157]. This eventually divides into
separate pyrimidines, returning the electron towards the enzyme’s redox cofactor [158].
Photolyase use is also related to a decrease in MMP-1 in the skin’s dermal and epidermal
compartments. MMP-1 overexpression in human skin cells causes collagen breakdown,
which is important in photoaging [159]. Because CPD has a far higher mutagenesis poten-
tial than 6-4PPs or other lesions and is responsible for most UV-induced mutations, current
research has focused exclusively on CPD photolyase as a repair enzyme [160]. CPD pho-
tolyase has been shown to be useful in reducing photodamage in both in vitro and in vivo
experiments [161]. Numerous clinical trials regarding the use of a topical medication
comprising liposome-encapsulated CPD photolyase have now been reported. It has been
utilized either in people with no skin lesions or as an adjuvant treatment in patients with
actinic keratoses (AK), which are in situ squamous cell carcinomas caused by persistent sun
exposure [162]. Sunscreens with chemical UV filters mixed with liposome-encapsulated
CPD photolyase were used in all human investigations [161,163]. The encapsulation of lipo-
somes transports enzymes through the human stratum corneum and delivers biologically
active proteins into the living epidermis. [164]. This method may open up a new avenue
for photoprotection against some types of UV-induced skin damage [163].

5.2. T4-bacteriophage Endonuclease V (T4 Endonuclease V)

T4 endonuclease V is an enzyme discovered in Escherichia coli infected with the T4
bacteriophage. It has been demonstrated to repair UV-induced cyclobutane pyrimidine
dimers in DNA, which, if left unrepaired, lead to mutations that cause actinic keratoses and
non-melanoma skin malignancies (NMSC) [165]. When UV-damaged DNA is identified, it
is cleaved by two coupled activities: apurinic-apyrimidinic endonuclease and pyrimidine
dimer-DNA glycosylase. This enzyme improves UV-damaged DNA repair and has addi-
tional favorable effects on UV-damaged cells. The effect of T4 endonuclease V increases the
efficacy and speed of naturally occurring DNA repair by around four-fold. [166]. Moreover,
the enzyme promotes skin regeneration and repair while preventing the breakdown of
extracellular matrix components, which aids in the prevention of photoaging [167]. T4
endonuclease V encapsulation into liposomes as delivery vehicles, dubbed “T4N5", is
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essential for sufficient penetration into the stratum corneum. Mouse research found that
applying T4N5 to the skin might be a beneficial adjuvant to sunscreens for preventing and
decreasing UV-R-related local effects such as sunburn cell development [168].

5.3. Comparison of Sunscreens with and without DNA-Repair Enzymes

Improvements in the study of skin biology have resulted in the creation of a wide range
of therapies to prevent aging and enable skin regeneration. The following characteristics
should be included in a perfect sunscreen: 1) UV-B and UV-A radiation protection; 2) ROS
scavenging capabilities; preferably, 3) filter stability and safety; 4) and the incorporation
of enzymes that aid in cellular DNA repair [34]. Recent irradiation experiments have
shown that adding DNA-repair enzymes to traditional sunscreens may prevent UV-R-
induced molecular damage to exposed skin more than traditional sunscreens alone [169].
For example, in clinical research conducted by Carducci et al. [169], 28 AK patients were
randomly assigned to either topically apply sunscreens containing DNA-repair enzymes
(n = 14) or sunscreens alone (n = 14) for 6 months. The primary end measures were
hyperkeratosis, field cancerization, and changes in CPD levels in skin biopsies. CPD levels
were found to be 61% lower in patients who used sunscreens containing DNA-repair
enzymes versus 35% lower in patients who used traditional sunscreens (p < 0.001), showing
their effectiveness in lowering CPD production [169]. The combination of CPD photolyase
and topical antioxidants greatly reduced CPD and free radical-induced protein degradation.
The scientists found that sunscreens combining antioxidants and photolyase outperform
traditional sunscreens to prevent skin aging, most likely due to a synergistic effect [151].
So far, this has been the only clinical study examining the effect of sunscreens containing
DNA-repair enzymes on photoaging.

The current study focuses on creating novel sunscreens and their increased protective
impact based on previous evidence from comparable investigations. A sunscreen containing
CPD photolyase (Eryfotona® AK-NMSC, Isdin SA) has recently been examined as an
example. Clinical and histological investigations revealed good effects on field cancerization
in AK patients, such as an increase in the number of AK lesions and a reduction in the
degree of cancerization in the field [170]. Because DNA photodamage and ROS are both
early events in the formation of AK, the impact might also be applied to photoaging.
Another new product (Ateia® Kwizda Pharma, Vienna, Austria) combines a traditional
sunscreen with a proprietary component combination, Nopasome®. Nopasome® is a
liposome-encapsulated CPD photolyase (Photosome®), T4 endonuclease V (Ultrasome®),
and nopal cactus extract. Ladival® med (STADA Arzneimittel, Bad Vilbel, Germany) is
another branded photolyase-containing sunscreen with SPF 15 or 20 [171]. The following
is a list of presently available sunscreens that contain DNA-repair enzymes and have
adequate scientific backing (Table 2).

Table 2. A description of the existing range of sunscreens with DNA-repair enzymes. * American
SPF (Currently, SPF is exclusively calculated for US goods based on UV-B protection).

Name Composition SPF DNA-Repair/Activity Company Reference
+
2% Nopasome, Nopal 55% Liposome-encapsulated Kwizda Pharma
Ateia® cactus extract, jojoba oil 30 P P GmbH, Vienna, [163]
L photolyase, endonuclease .
and vitamin E 5 Austria
Neova Active® Octinoxate 6.5%,
(SPF43) Neova Octisalate 2.5%, Zinc 432 Pharma Cosmetics,
Everyday® Oxide 8.5%. 442 Liposome-encapsulated Oradell, New [172]
(SPF44) Neova Photolysomes. 402 photolyase, endonuclease Jersey, United
Silc Sheer®2.0 Sodium Hyaluronate. States

(SPF 40)

and Vitamin E




Catalysts 2023, 13, 745

16 of 23

Table 2. Cont.

Name Composition SPF DNA-Repair/Activity Company Reference
. Pharma Cosmetics,
Neova Smart Copper Peptide Complex, a Liposome-encapsulated Oradell, New
Moisture® Photolysomes and 30 photolyase Jersey, United [172]
Amino acid blend y Y
States
Eryfotona® Regiii?gi’() lc)i)sfael;co)llol, 100+ Liposome-encapsulated Isdin, SA, [172]
AK-NMSC pantenol, etc ’ photolyase Barcelona, Spain
Fernblock®+ Liposome-encapsulated
Heliocare 360° Genorepair®Complex, + P P Cantabria Labs,
AK Fluid Sulforaphane, Biomimetic 100 photolyase, endonuclease, Madrid, Spain [161,164]
melanin Ar,g inine. etc 8-oxoguanine glycosylase ’
Zinc Oxide + Titanium . PRIORI Skincare,
Dioxide, mustard seed Liposome-encapsulated San Diego
Priori Tetra® extract; Soliberine + 502 photolyase, endonuclease, California Un/i ted [161,164]
Melanin Carnosine, etc. 8-oxoguanine glycosylase States
Alkyl benzoate, pentylene
glycol, xanthan gum . : STADA
Ladival® med titanium dioxide, vitis ig Llposon;liteo r;cil;julated Arzneimittel, Bad [171]
vinifera seed extract p y Vilbel, Germany
isostearic acid, etc.
Phytospingosine
liposomes, Alkyl benzoate,
Sesderma pentylene glycol, titanium 50 Liposome-encapsulated ~ Sesderma, Madrid, [161]
Repaskin® dioxide, tocopheryl 30 photolyase Spain
acetate and xanthan
gum, etc.

In conclusion, recent research indicates that including DN A-repair enzymes in tradi-

tional sunscreens gives a more effective alternative for avoiding UV-R-generated damage
that causes carcinogenesis and photoaging. Combining them with topically applied antioxi-
dants is a good way to enhance this impact further. Unfortunately, there is minimal evidence
for these effects in people, notably in the prevention of skin aging. So far, only one clinical
trial has shown the effect of DNA-repair enzymes in sunscreens on photoaging [151].

5.4. Limitation of DNA-Repair Enzymes in Sunscreens

This research’s limitations include topical liposomal DNA-repair enzymes that were
reported to be protective against UV-induced skin cancer in humans, which does not
necessarily justify their preventative impact on photoaging. Most of the included studies
failed to discriminate between the effects of DNA-repair enzymes on carcinogenesis and
photoaging. As a result, it can now not clearly translate improved carcinogenesis outcomes
to photoaging treatment or prevention. The tiny size of study cohorts further restricts
the significance of their findings. Clinical investigations with a significant number of
individuals, concentrating exclusively on anti-photoaging effects, are required.

6. Conclusions and Future Perspectives

The overexposure of human skin to external stressors such as UV and pollution causes
an increase in ROS generation, which causes various skin-related issues such as hyper-
pigmentation, early aging, etc. The cosmeceutical and cosmetic industries have taken
notice of the numerous distinctive and significant bioactive metabolites that microalgae
synthesize through photosynthesis and other mechanisms. Microalgae are natural and
sustainable sources of bioactive compounds and are thus thought to be great possibilities
for cosmetics. It is necessary to assess all potential microalgal metabolites for use in cos-
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metics/cosmeceuticals and optimize production technology for each. Although microalgal
bioactive metabolites can be produced using biotechnologically advantageous and environ-
mentally friendly processes, they are also considered “safe”. This study explores a number
of microalgae species and bioactive compounds obtained from microalgae for use in sun-
screen, skin-whitening cosmetics, and anti-aging products. Microalgae are regarded to be
attractive prospects for cosmetic products since they are natural and sustainable sources
of bioactive compounds. Furthermore, this study presents an outline of contemporary
advancements in DNA-repair enzymes employed in sunscreens and their impact on pho-
toaging. In Tables 1 and 2, we have included some of these bioactive compounds together
with their producer and the current range of sunscreens that contain DNA-repair enzymes.
Since UV-R-induced DNA damage plays a significant role in both processes, it is possible
to hypothesize that DNA-repair enzyme’s positive effects can also be applied to photoag-
ing. Controlled trials that support this effect and show that DNA- repair enzyme-infused
sunscreens are better than regular sunscreens are still missing. Antioxidants, photolyases,
and other sunscreen compounds have made it possible to reverse skin aging in addition to
providing better photoprotection.

Nevertheless, before clinical guidelines are released, larger-scale, repeatable inves-
tigations must be conducted. Although the majority of microalgae are investigated for
their cosmetic properties, several species remain unexplored. As a result, there is a need
to standardize low-cost, effective, and more productive extraction techniques. In addition
to effectiveness, the molecular basis of these compound’s actions and safety issues are
particularly important for forthcoming difficulties in the cosmetics sector.
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